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C: 60.05%
C:60.18%

H: 6.24%
H:6.31%

N: 8.80%
N:8.77%

Infrared Spectroscopy

The infrared absorption spectrum for the sample obtained
using Attenuated Total Reflection Fourier Transform Infrared
(ATR-FTIR) spectrometer (Nicolet Magna-IR 560) shows
the following significant bands, expressed in reciprocal wave
numbers (cm™):

2956 (w), 1711 (st), 1637 (st), 1597 (st), 1488 (w), 1459
(m), 1401 (st), 1357 (w), 1295 (m), 1266 (m), 1176 (w), 1085
(m), 1010 (w), 1942(w), 907 (w), 862 (w), 763 (st), 742 (m),
698 (m), 533 (st).

The error margin for all absorption bands of ATR-IR is +2
cm™!

The intensities of the absorption bands are indicated as
follows: (w)=weak; (m)=medium; and (st)=strong intensity.

Raman Spectroscopy

Raman spectrum of the sample measured by dispersive
Raman spectrometer with 785 nm laser excitation source
(Kaiser Optical Systems, Inc.) shows the following signifi-
cant bands expressed in reciprocal wave numbers (cm™'):

3061 (m), 2930 (m, broad), 1612 (st), 1523 (m), 1461 (w),
1427 (w), 1287 (st), 1195 (w), 1108 (w), 11053 (w), 1041 (w),
1011 (w), 997 (m), 866(w), 850 (w), 822 (w), 808 (w), 735
(W), 715 (w), 669 (W), 643 (w), 631 (w), 618 (w), 602 (w), 557
(W), 522 (w), 453 (w), 410 (w), 328 (w).

The error margin for all Raman bands is 2 cm™.

The intensities of the absorption bands are indicated as
follows: (w)=weak; (m)=medium; and (st)=strong intensity.

High Resolution CP-MAS *C NMR Spectroscopy

The samples are investigated by high resolution CP-MAS
(Cross Polarization Magic Angle Spinning) **C NMR spec-
troscopy using a Bruker-BioSpin AVANCE 500 NMR spec-
trometer equipped with a 300 Watt high power "H, two 500
Watt high power X-amplifiers, necessary high power pre-
amplifiers, a “MAS” controller and a 4 mm BioSolids high
resolution Bruker probe.

Each sample is packed in a 4 mm ZrO, rotor. Critical
experimental parameters are 3 msec °C contact times, 12
KHz spinning speed at the magic angle, a “ramped” contact
time, using a “SPINAL64” *H decoupling scheme, a recycle
delay of 10 secs and 1024 scans at 293 deg K. The chemical
shifts are referenced with respect to an external Glycine car-
bonyl at 176.04 ppm.

High resolution CP-MAS **C NMR shows the following
significant peaks (ppm):

179.0, 177.9 177.0, 176.7, 162.0, 141.0, 137.2, 129.6,
129.1, 126.7, 125.3, 64.0, 61.5, 60.4, 50.2, 46.4, 40.6, 38.6,
33.5,32.4,29.8,28.7,22.3,20.2,19.1,17.8,16.8, 13.1, 12.1,
11.1.

A physical mixture of individual Na salts of Valsartan and
(2R,48)-5-biphenyl4-yl-5-(3-carboxy-propionylamino)-2-
methyl-pentanoic acid ethyl ester revealed a simple inert mix-
ture of the two salts. However, the sample of the complex
prepared in Example 1 exhibited distinctly different spectral
features in comparison to a 1:1 mixture of the sodium salts.

DSC and TGA

As measured by differential scanning calorimetry (DSC)
using Q1000 (TA Instruments) instrument, the melting onset
temperature and the peak maximum temperature for the
sample is observed at 139° C. and 145° C., respectively.

10

15

20

25

30

35

40

45

50

55

60

65

30

As shown by DSC and thermogravimetric analysis (TGA),
upon heating, the water of hydration is released in two steps:
the first step occurs below 100° C. and the second step above
120° C.

Both DSC and TGA instruments are operated at a heating
rate of 10 K/min.

Example 4
Preparation of Linked Pro-Drug of Scheme (1)

Linked pro-drug of valsartan calcium salt and (2R,4S)-5-
biphenyl4-yl-5-(3-carboxy-propionylamino)-2-methyl-pen-
tanoic acid ethyl ester is prepared at room temperature by
dissolving 114 mg of the calcium salt of valsartan and 86 mg
of (2R,4S)-5-biphenyl4-yl-5-(3-carboxy-propionylamino)-
2-methyl-pentanoic acid ethyl ester free acid in 2 mL. metha-
nol, followed by methanol evaporation. The glassy solid resi-
due is then charged with 3 mL of acetonitrile and equilibrated
by 10 min. sonication, followed by 20 hours of magnetic
stirring.

Approximately 120 mg of white solids are collected by
filtration. Liquid chromatography (L.C) and elemental analy-
sis indicate 1:1 ratio between (2R,4S)-5-biphenyl4-yl-5-(3-
carboxy-propionylamino)-2-methyl-pentanoic acid ethyl
ester and valsartan. The sample is amorphous by X-ray pow-
der diffraction.

Preparation of Linked Pro-Drug of Scheme (2)

Linked pro-drug of valsartan calcium salt and (2R,4S)-5-
biphenyl4-yl-5-(3-carboxy-propionylamino)-2-methyl-pen-
tanoic acid ethyl ester and Tris is prepared at room tempera-
ture by dissolving 57 mg of the calcium salt of valsartan, 43
mg of (2R,48)-5-biphenyl4-yl-5-(3-carboxy-propiony-
lamino)-2-methyl-pentanoic acid ethyl ester free acid, and
12.6 mg of tris(hydroxymethyl)aminomethane (Tris) in 2 mL
methanol, followed by methanol evaporation. The glassy
solid residue is then charged with 3 mL of acetonitrile and
equilibrated by 10 min. sonication, followed by 20 hours of
magnetic stirring. Approximately 83 mg of white solids are
collected by filtration. LC and elemental analysis indicate 1:1
ratio between (2R,4S)-5-biphenyl4-yl-5-(3-carboxy-propio-
nylamino)-2-methyl-pentanoic acid ethyl ester and valsartan.
The sample is amorphous by X-ray powder diffraction.

While the invention has been described above with refer-
ence to specific embodiments thereof, it is apparent that many
changes, modifications, and variations can be made without
departing from the inventive concept disclosed herein.
Accordingly, it is intended to embrace all such changes,
modifications and variations that fall within the spirit and
broad scope of the appended claims. All patent applications,
patents, and other publications cited herein are incorporated
by reference in their entirety.

What is claimed is:

1. A method for treatment of a cardiovascular condition or
disease, wherein the cardiovascular condition or disease is
heart failure or hypertension, in a patient in need thereof
comprising administering to the patient a therapeutically
effective amount of trisodium[3-((1S,3R)-1-biphenyl-4-ylm-
ethyl-3-ethoxycarbonyl-1-butylcarbamoyl)propionate-(S)-
3'-methyl-2'-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4'-
ylmethyl }amino)butyrate]hemipentahydrate.

2. The method according to claim 1, wherein the heart
failure is chronic heart failure.

3. The method according to claim 1, wherein the condition
or disease is hypertension.



